SUMMARY The effect of therapeutic doses of digitalis on functional (F), relative (R) and effective (E) refractory periods (RP) of the His-Purkinje system (HPS) was studied in 12 open-chested, innervated adult mongrel dogs (10-20 kg) during control and 15, 30 and 45-60 min after 0.016 mg/kg of intravenous ouabain. To determine the stability of the preparation and to assess time-dependent changes in His-Purkinje refractoriness, another six dogs (Group II) had similar studies, but without drug administration. In all dogs, the His bundle was paced by using the plunge wire technique at a predetermined cycle length (CL) and a premature stimulus (SO) to the His bundle was introduced at decreasing S1 S2 intervals. Following ouabain, in Group I dogs, at the longest CLs tested (458 ± 125 msec; ±SD) there was a significant increase in the FRP (+4.34%; P < 0.05), RRP (S2 V2) (+6.57%, P < 0.05), RRP (Ab) (+6%, P < 0.05) and ERP (+5.2%, P < 0.05) of the HPS. These significant changes were generally observed 30 minutes after drug administration. Changes in RPs were of greater magnitude at longer CLs (> 400 msec), but insignificant at shorter CLs (< 400 msec). The H-V interval during sinus rhythm and the S, V, interval during His bundle pacing at all CLs did not change after ouabain. In Group II dogs there were no significant change in His-Purkinje refractoriness over 60 minutes. These findings suggest that therapeutic doses of digitalis 1) tend to increase refractoriness within the HPS to a very small degree, 2) have no appreciable effect on HisPurkinje conduction, and 3) affect CL-dependent changes in refractoriness. The His bundle extrastimulus method is useful in studying the HPS in the intact heart. ALTHOUGH THE EFFECT of digitalis glycosides on the atrioventricular (AV) conduction system has been extensively studied, adequate data are not available on its effect on refractoriness of the intact mammalian His-Purkinje system (HPS).'-8 Measurements of refractory periods (RPs) within the HPS by the atrial extrastimulus method depend on 1) cycle length (CL) of stimulation, 2) the functional RP of the AV node and 3) the state of His-Purkinje refractoriness itself.9"11 Clinical studies are often limited in their assessment of the effects of digitalis on His-Purkinje refractoriness since, during antegrade conduction the functional RP of the AV node frequently exceeds refractoriness of the HPS.", 13 Furthermore, the wellestablished effect of digitalis on the AV node precludes the determination of refractoriness within the HPS.' To overcome the above limitations, the effect of therapeutic doses of digitalis on the HPS were assessed by direct stimulation of the bundle of His. Although His bundle stimulation is a well-established technique, no systematic study has used this method to study His-Purkinje refractoriness or to assess the effects of drugs.
ALTHOUGH THE EFFECT of digitalis glycosides on the atrioventricular (AV) conduction system has been extensively studied, adequate data are not available on its effect on refractoriness of the intact mammalian His-Purkinje system (HPS).'-8 Measurements of refractory periods (RPs) within the HPS by the atrial extrastimulus method depend on 1) cycle length (CL) of stimulation, 2) the functional RP of the AV node and 3) the state of His-Purkinje refractoriness itself.9"11 Clinical studies are often limited in their assessment of the effects of digitalis on His-Purkinje refractoriness since, during antegrade conduction the functional RP of the AV node frequently exceeds refractoriness of the HPS.", 13 Furthermore, the wellestablished effect of digitalis on the AV node precludes the determination of refractoriness within the HPS.' To overcome the above limitations, the effect of therapeutic doses of digitalis on the HPS were assessed by direct stimulation of the bundle of His. Although His bundle stimulation is a well-established technique, no systematic study has used this method to study His-Purkinje refractoriness or to assess the effects of drugs.
Materials and Methods
Studies were performed on 29 adult mongrel dogs (10-20 kg) anesthetized with a-chloralose (100-200 mg/kg). After trachial cannulation, the dogs were ventilated with room air using a Harvard respirator. A thoracotomy at the level of the fourth intercostal space was performed, and the lateral surface of the right atrium and basal portions of the right ventricle were exposed. The heart was suspended in a pericardial cradle. Twenty-two gauge needles containing two teflon-coated stainless steel wires were plunged into the region of the sinus node, Bachmann's bundle and the coronary sinus for recording local electrograms. A 23 gauge needle containing four teflon-coated stainless steel wires was plunged into the region of the bundle of His for recording from and pacing of the His bundle.14 In previous unpublished observations, and in four dogs in this study, the His bundle and bundle branches were dissected with the wires in place. The wires were located in close proximity to the proximal His bundle. In three dogs, the sinus node was crushed in order to pace the bundle of His at long CLs.
Bipolar electrograms from the region of the sinus node, Bachmann's bundle, coronary sinus, His bundle with two or more ECG leads and time lines generated at 10, 100 and 1000 msec were simultaneously displayed on a multichannel oscilloscope (Electronics for Medicine Dr 12) and recorded on photographic paper at paper speeds of 150-200 mm/sec.
Stimulation Technique
The His bundle was stimulated with a programmed digital stimulator which delivered rectangular impulses of 1.5 msec duration and 10 V amplitude. The His bundle was stimulated at a predetermined CL (S, S) and a premature stimulus (S2) was introduced after every eighth basic drive beat at progressively decreasing (by 10 msec) S, S2 intervals up to the point at which S, did not propagate to the ventricle. The shortest S, S2 interval at which S2 conducted was then defined and S2 was decreased by 1 msec intervals up to the point of refractoriness.
Consistent His bundle stimulation could be achieved in 18 of 29 dogs. After control determination of refractory periods at one or more CL in 12 of 18 dogs (group I), 0.016 mg/kg of ouabain was administered intravenously and RPs were assessed at 15, 30 and 45-60 minutes after the drug. To determine the stability of such a preparation and to assess any timedependent changes in His-Purkinje refractoriness, six dogs (group II) had similar studies at control, 15, 30 and 45-60 minutes, but without drug administration. A continuous intravenous infusion of normal saline (100-300 ml/hr) was administered to all dogs. Arterial Po2 was 63-128%, pH 7.35-7.55 and serum K was 3-3.9 mEq before administration of ouabain. None of the dogs developed digitalis toxicity, as evidenced by the absence of ventricular or junctional beats, ventricular tachycardia and AV block.
Definition of Terms Conduction intervals:
A-H interval was measured from the onset of the low atrial electrogram to the onset of the His bundle electrogram.
H-V interval was taken as representative of HisPurkinje conduction during sinus rhythm. This interval was measured from the onset of the His bundle deflection to the earliest point of ventricular activation on the surface ECG tracing or the local ventricular electrogram. Bundle of His pacing was judged as adequate only when all of the following were present: 1) the S-V interval was within 1-2 msec of the H-V interval of sinus beats, 2) the QRS configuration and duration, as determined by simultaneously recorded leads 1, 2, 3, and V1 were identical to sinus beats, 3) the S-V interval remained isoelectric and 4) the onset and waveform of the V electrogram (on the His bundle electrogram tracing) was unchanged from sinus beats. In 11 of 18 studies, His bundle pacing was associated with retrograde atrial activation, and in seven of 18 studies His bundle pacing was associated with simultaneous activation of the atria.
S, V1 interval
For both groups I and II dogs the average S, V1 interval was 32± 3.8 msec and the average H-V interval was 33 ± 3.0 msec. In no experiment did the S, V1 interval vary by more than 1 msec from the spontaneous H-V interval. In all studies His bundle pacing was accomplished at an MA of one or less.
Group I His-Purkinje Conduction
The average control H-V interval was 31.66 ± 2.4 msec, and there was no detectable change after ouabain (figs. 1 and 2). At all CLs tested, the individual S, V1 intervals during His bundle pacing were similar before and after drug administration.
His-Purkinje Refractory Periods
Cumulative data for His-Purkinje RPs are shown in table 1. Altogether, 27 CLs (range 250-700 msec) were tested. Statistical significance was determined by using RPs at the longest and shortest CLs. fig. 1, panel B) , the zone of aberration (80 msec) lasted until the ERP of the HPS (230 msec). After digitalis, bundle branch block aberration with S2 V2 prolongation occurred at an S1 S2 interval of 370 msec ( fig. 2, panel B) . The zone of aberration decreased to 60 msec and shifted to the right due to earlier occurrence of the ERP of the HPS ( fig. 2 , panel C).
Effective Refractory Period of the His-Purkinje System The ERP of the HPS increased in seven of 12 dogs (nos. 1-7) after ouabain. The range of increase was 2-70 msec (figs. 1 and 2, panel C) and the mean increase was 10 msec (+5.2%, P < 0.05). Two dogs (nos. 8 and 9) showed no change in ERP, whereas two dogs (nos. 11 and 12) showed variable effects (i.e., a +10 to -10 msec change from 15 to 45-60 minutes post-ouabain). One dog (no. 10) showed a consistent decrease of 10-30 msec over the entire range of CLs. In this dog a consistent decrease in FRP and ERP also occurred. The latter five dogs were studied at a relatively shorter CL (379 ± 98 msec). 1) It is unlikely that therapeutic concentrations of digitalis will influence refractoriness within the HPS in man since, A) the effects of the glycoside on the HPS may be offset by delayed conduction and refractoriness of the AV node5 and B) the effects of digitalis demonstrated in this study were generally observed in the latter part of the V1 V2 response curve (i.e., at shorter coupling intervals before the ERP of the HPS.
2) From the observations made in this study, it is tempting to speculate that closely coupled junctional or His bundle extrasystoles in the presence of digitalis may be conducted with aberration (simulating ventricular premature contractions) or may be blocked in the HPS. Selective digitalis effects on right vs left bundle branches in terms of the type of ventricular aberration was not observed in this study.
3) The model utilized in this study is useful in determining His-Purkinje RPs and the effect of drugs on the HPS.
